ABSTRACT
INTRODUCTION
lowering effects (1). For instance, the hydrolysis of milk proteins produces peptides with 48 cardiovascular, digestive and endocrine activity (2). These bioactive peptides may be very useful as 49 additives for functional foods (3). In fact, tryptic fragments of whey lactoglobulin exhibit an 50 interesting inhibitory effect on angiotensin-converting enzyme (4). On the other hand, digestion of 51 whey proteins with trypsin and chymotrypsin produces peptides with immunomodulatory effects 52 (5). Interestingly, porcine blood proteins produced as by-products of agroindustries can be 53 hydrolyzed by the simultaneous hydrolysis of trypsin, chymotrypsin and thermolysin, yielding 54 interesting bioactive peptides (6). Some years ago, our group was able to prepare stable trypsin catalysts that were useful for the 70 hydrolysis of denatured proteins obtained as by-products of oil hydrolysis ( 4,5). These derivatives 71 were obtained by covalent multipoint immobilization (at pH 10) between the region richest in 72 lysines on the trypsin surface and the highly activated glyoxyl derivatives. 73 It is possible that the rigidification of other regions of the enzyme structure (even those with less 74 lysines) generates even more stable derivatives because it may affect areas of the enzyme structure 75 involved in conformational changes (e.g., those induced by temperature) (6). Moreover, the 76 rigidification of the enzyme structure through different regions may favor the preparation of stable 77 derivatives in which the enzyme is better oriented to hydrolyze any type of protein, including those 78 of high molecular weight. 79 In this work, we will study the preparation of new trypsin derivatives obtained through a novel two-80 step immobilization strategy: a) first, a multipoint covalent immobilization at pH 8.5 that only 81 involves low pKa amino groups (e.g., those arising from the activation of trypsin from trypsinogen) 82 occurs, and b) next, a further alkaline incubation of the derivatives occurs to favor an intense 83 7 at 25°C. After the complete immobilization of the enzyme, the immobilized derivative was filtered 119 and incubated in 100 ml of 100 mM bicarbonate buffer, pH 10.0, for 22 hours at 25°C. Finally, the 120 immobilization process was finished by reducing the derivative through the addition of 1 mg of 121 solid sodium borohydride per ml of suspension. The Tryp-glyoxyl-8.5 derivative was prepared under 122 the same conditions but was reduced without the additional incubation under alkaline conditions.
123
The Tryp-glyoxyl-10 derivative was also prepared under the same conditions but using bicarbonate 124 buffer at pH 10, and an additional long incubation (for 24 hours) was performed between the Cosolvent stability was studied by incubation of the derivatives in 10 mM TRIS buffer, pH 7.0, 148 containing 50% dioxane. The suspension (equal to the one described for thermal inactivation) was 149 incubated at 40 °C, and the stability of the derivatives was analyzed as described above. 
Hydrolysis of proteins by trypsin derivatives

162
Solutions containing 2-6 mg/ml of protein in different buffers were used as substrates for the 163 hydrolysis using trypsin derivatives. Crude extracts of E. coli (2 mg/ml) or cheese whey (6 mg/ml) 164 were used as the protein substrates for immobilized trypsin. A total of 1 ml (0.7 wet grams) of were analyzed by SDS-PAGE using 12% polyacrylamide gels.
170
Evaluation of difussional problems.
171
A total of 1 ml of trypsin derivative was suspended in reaction buffer and strongly stirred with a 172 magnetic bar inside an ice bath. In this way, the particle size of the derivatives was dramatically 173 reduced (more than tenfold). Hydrolysis catalyzed with broken derivatives was compared with 174 hydrolysis catalyzed by intact derivatives. Observed differences would be due to the existence of 175 difussional limitations during hydrolysis with intact derivatives. 
RESULTS
182
Multipoint covalent immobilization of trypsin.
183
Different trypsin derivatives were prepared using highly activated glyoxyl-agarose and the two-step For each of these strategies, the enzyme became immobilized in less than three hours, and the 196 intrinsic activity remained above 70% after immobilization (including the alkaline incubation) when 197 measured with a synthetic small substrate such as benzoyl-arginine p-nitroanilide (Table 1) . 198 As a reference to compare the activity and stability of the new derivatives, the enzyme was Hydrolysis of protein extracts using immobilized and stabilized trypsin.
248
Crude protein extracts from E. coli.
249
The most and least stable derivatives (Tryp-Glyoxyl-8.5/10 and Tryp-CNBr, respectively) 250 were tested in the hydrolysis of an E. coli extract. Under the conditions used in the experiment, hindrances during proteolysis could also be attained for trypsin immobilized on agarose gels with 275 long spacer arms (e.g., hydrophilic residues and dextrans (17)) (data not shown). However, no 276 trypsin stabilization was observed in this case.
277
The stability of the derivatives was further studied under the optimal conditions for the 278 hydrolysis (pH 9.0 and 50°C) (Figure 7 ). Tryp-glyoxyl-8.5/10 preserved 100% of its initial activity 
Difussional problems.
We did not detect difussional limitations when studying the activity of the derivatives using 286 synthetic substrates (Table 1 ). In addition, the protein hydrolysis also exhibited very few difussional 287 problems (Figure 8 ). In fact, upon mechanical breaking of the derivatives to reduce the particle size, 288 the derivatives did not show a dramatic increase in activity.
290
Loading capacity of different supports.
291
A study of the loading capacity of different glyoxyl-agarose gels is shown in Table 2 . As our main 292 aim was the hydrolysis of high molecular weight proteins, we used 4% agarose and 4 mg of protein 293 per mL of catalyst throughout the study to avoid difussional problems and steric hindrances during 294 the hydrolysis of large proteins. However, for other applications, such as hydrolysis of low 295 molecular weight proteins, it was possible to prepare derivatives at 100 mg/mL, which may be 16-296 fold more active in proteolytic reactions. Using a synthetic substrate, we have studied the activity and thermal stability of the 307 different preparations. The most stable derivative was 50,000-fold more stable than the trypsin 308 that was mildly immobilized onto CNBr-Sepharose. Tryp-glyoxyl-8.5/10 was first immobilized at pH 309 8.5, and immobilization probably involved the amino terminal residues released after the 310 trypsinogen processing. 311 We studied the orientation of the immobilized derivatives and proved that in each of them, 
